In the study of quantum information transmission based on entanglement, the decoherence induced by surrounding environment has always been one of major factors affecting the effect of quantum state transfer. Therefore, the research on information transmission in partially entangled channels of quantum network is of academic value and general application. Meanwhile, as multi-participating information transmission modes, broadcast and multicast communications are two important applications in quantum information transmission and quantum computation. In this paper, we propose the quantum broadcast and multicast schemes based on partially entangled states. The schemes allow the different recipients to obtain the arbitrary single-qubit states synchronously. We verify the feasibility of the schemes and obtain the success probability of information transmission under the partially entangled channels.
I. INTRODUCTION
QUANTUM information science has forged ahead in the last more than thirty years. As an important content of quantum information science research, the theory and technology of quantum communication has achieved some breakthroughs [1] - [8] . The communication between two nodes separated by hundreds of kilometers can be achieved based on the quantum cryptosystem, composed of single photon source and fiber channel. However, the communication distance and performance are restricted by some factors, including geographical conditions, weak energy of single photon, attenuation of fiber, etc. Researchers have attempted to overcome these limitations in other ways. Entangled state is a good choice. The research on entangled states actually has been carried on continuously. In 1982, French physicist Alain Aspect and his team successfully confirmed the phenomenon of quantum entanglement by experiments [9] . In 1993, American scientist Bennett proposed the concept of quantum teleportation [10] . Thereafter, research around communication based on the entanglement has got more and more attention. In 1997, the Austrian Zeilinger group completed the experiment of quantum teleportation for the The associate editor coordinating the review of this manuscript and approving it for publication was Wei Huang . first time in the room [11] . Subsequently, more and more teleportation schemes are proposed by taking advantage of multiparticle entangled states such as GHZ state [12] , W state [13] , four [14] , five [15] and six [16] particles entangled states. At the beginning of the 21st century, Bennett et al. proposed a scheme for transmitting known quantum states, namely remote state preparation [17] . In 2005, Peters et al. described the first experimental realization of arbitrary single-qubit remote state preparation [18] . With the in-depth research, researchers proposed some strategies to solve the problem of multiple senders sending information to one recipient. In 2007, Xia et al. proposed a multiparty remote state preparation (MRSP) protocol [19] .
In most existing researches, the maximally entanglement and realistic channel is as the main object of study, but in truth the decoherence caused by the interacts between quantum system and environment is almost impossible to suppress completely. Therefore, there are theoretical and realistic significance to research partial entanglement in the field of quantum information transmission with multiple participants.
The study of quantum information transmission based on partically entangled states has never stopped. In 2004, Dai et al. proposed a scheme to probabilistically teleport an unknown two-particle entangled state of three-level by using a partial entangled three-particle state of three-level as the quantum channel [20] . In 2008, a scheme for deterministic and multi-controlled teleportation of an arbitrary unknown two-level two-atom state via partially entangled W states was proposed [21] . In 2015, Wang et al. proposed two controlled remote state preparation protocols via partially entangled channels [22] . When the number of participating parties increases, the implementation of information transmission based on partial entanglement becomes extremely difficult, and the design of the operator for measurement at the receiving end directly affects the complexity of the implementation of the scheme. Therefore, efficiency and complexity become important considerations in multi-party quantum information transmission based on partial entanglement.
As two important communication modes, broadcast and multicast are widely used in information transmission, coding and encryption. Broadcast channels were introduced by Cover [23] in 1972. The broadcast channels were introduced to solve the problem of a single source attempting to communicate information simultaneously to several receivers. In 2006, Tracey et al. presented a distributed random linear network coding approach for transmission and compression of information in general multisource multicast networks [24] . Fiat and Naor proposed broadcast schemes which allow a central broadcast site to broadcast secure transmissions to an arbitrary set of recipients. The broadcast encryption scheme securely transmitted a message to all members of the privileged subset [25] . In 2017, Yu et al. proposed a quantum broadcast scheme, and the receiver can simultaneously acquire the quantum state by broadcasting any single quantum bit cluster state through the maximum four qubits [26] . In 2019, Xiong et al. studied a secure multicast transmission design for cognitive satellite-terrestrial networks with multiple multi-antenna eavesdroppers in the letter [27] . As an effective complement to classic communication scenarios or purely quantum communication scenarios, both broadcast and multicast have important research value.
However, in the existing research, the number of participants is small, or the participants cannot receive the transmitted quantum state at the same time. With the development of preparation of entangled source [28] - [31] , more multiparticle states can be selected as quantum channels. Considering the current preparation technology level of entanglement, we study quantum information transmission with high efficiency based on multi-particle partial entanglement, so that the receivers can receive the information synchronously. In particular, quantum multicast (including broadcast) is as the emphasis in our work. Multicast is a multi-party transmission and multi-group communication model for collaborative applications, with high information transmission efficiency. Therefore, multicast is an integral support technology in the quantum communication network applications. Multicast and broadcast are not only applied to quantum key distribution, but also to information transmission in quantum computers, besides the quantum broadcast and multicast might be applied to quantum cryptography, such as quantum private query [32] , [33] , quantum oblivious set-member decision [34] , and quantum private set intersection cardinality [35] , because quantum entangled states are an important source of information.
We illustrate the similarities and differences between broadcast and multicast:
The similarities: The schemes allow the different recipients to obtain the arbitrary single-qubit states synchronously;
The differences: The recipient receives the same information in the broadcast scheme; the recipient receives different information in the multicast scheme.
Our scheme selects the partial entanglement channel of the six particles, which is: 1) Experimentally, the preparation of entangled states has continued to progress. The preparation of two-particle entangled state to six-qubit entangled state has achieved a new breakthrough [28] , [29] . Especially in recent years, the eightqubit state and the ten-qubit state have been experimentlly implemented [30] , [31] .
2) The broadcast and multicast schemes include at least three participants. As the number of participants increases, the complexity of the program will increase. According to existing techniques, the six particles are more representative.
The structure of the paper is organized as follows: In the Section 2, we describe the scenario of information transmission and analyze the six-qubit state we choosed. In the Section 3, we propose a partial entangled broadcast scheme and verify the feasibility of the scheme. In Section 4, we describe a more general scheme for multicast mode. Finally, a brief conclusion is drown in Section 5.
II. ASSUMPTIONS
To illustrate our works, we adopt four parties involvement and a six-qubit state channel as communication scenarios. The six-qubit state shared by Alice, Bob, Charlie and David is presented as
We analyze the quantum channel we choose here briefly. When 2 = 3 = 4 = 5 = 0, the quantum channel can be transformed into |ϕ 123456 = ( 0 |000000 + 1 |001001 +
This quantum state is used as a quantum channel in the paper by Zhao et al. to transmit a eight-qubit state [36] .
When 4 = 5 = 6 = 7 = 0, 0 = 1 = 2 = 1 2 , 3 = − 1 2 the quantum channel can be transformed into |ϕ 123456 = 1 2 (|000000 + |001101 + |110010 − |111111 123456 by a unitary transformation (σ z ⊗I ⊗I ⊗σ z ⊗I ⊗I ) −1 . The quantum VOLUME 8, 2020 teleportation of a four-qubit state uses a six-qubit cluster state as quantum channel in the paper [37] . The quantum channel we use is comprehensive considering all of the above. Our scheme can be described as follows. The framework of this scheme is illustrated in Fig1.
Assuming that Alice, Bob, Charlie and David have completed the transmission of quantum states. But due to the influence of the environment, the quantum states will be decoherent. In addition, the transmission distance will affect the entanglement characteristics of the quantum states. Therefore, the entangled particles will be decoherent, and the detailed changes of the entangled channel are shown in Table 1 . The experimental quantum circuit of the scheme is shown in Fig2.
To fulfill the preparation of the desired state, Alice measures her qubits in an appropriate basis. In the case of broadcast communication, we suppose that the basic mutually orthogonal basis as follows
Based on the measurement basis, the quantum channel |ϕ 123456 can be rewritten as 
In the case of multicast communication, we suppose that the basic mutually orthogonal basis is as follows
Therefore, the quantum channel |ϕ 123456 can be rewritten as
Next, we proceed to discuss the schemes in detail.
III. THE QUANTUM BROADCAST SCHEME BASED ON PARTIALLY ENTANGLED CHANNEL
As a sender Alice wants to transmit a quantum state | to recipients Bob, Charlie and David simultaneously and remotely, where the sender knows the information of the quantum state, and the recipients unknow.
where |α| 2 + |β| 2 = 1, α, β are the real numbers. Therefore, she completes the following steps.
Step 1: Alice, Bob, Charlie and David share the six-qubit quantum channel as Fig1. Alice sends particles (4, 5, 6) to receivers respectively while keeping the other particles to herself.
Step 2: Alice carries out a projective measurement on particles (1, 2, 3) in a set of mutually orthogonal basis vectors mentioned in the Section2.
Step 3: Alice informs her results to Bob, Charlie and David via classical channel.
Step 4: Bob introduces an auxiliary particle A with initial state |0 A . Bob, Charlie and David perform a cooperative unitary transformation U on|ϕ 456 ⊗ |0 A under the basis {|0000 , |0001 , · · · , |1111 }, the cooperative unitary transformation U performed by Bob, Charlie and David is a diagonal matrix and the diagonal elements are A i , i = 0 · · · 7, and the results are as follows.
If Alice's result is φ i 123 , i = 1 · · · 8, the cooperative unitary transformation's results of Bob, Charlie and David are shown as
Step 5: Bob, Charlie and David can obtain the state| simultaneously by performing unitary operation on the particles that they receive.
As can be seen from the equation above, if the measurement result of particle A is |1 A , the measurement fails; if it is|0 A , the measurement is successful and success probability is 2 7 /( 2 7 + 1), and the results of Bob, Charlie and David are shown in Table 2 .
Finally, the unitary operation of Bob,Charlie and David is shown in the table 3, 4, 5.
To illustrate the above results, we give an example. To be supposed, Alice wants to transmit a quantum state to receivers. She first measures the particles she owns and obtain the result φ 6 123 . Alice informs the recipients of her measurement result via classical channel. The results are (−α |1 + β |0 )(α |0 + β |1 )(−α |1 + β |0 ). Then Bob can reconstruct the state | by performing unitary operation −iσ y on particle 4. Charlie can reconstruct the state | by performing unitary operation −iσ y on particle 5. In the meanwhile, David can obtaion the state | .
IV. THE QUANTUM MULTICAST SCHEME BASED ON PARTIALLY ENTANGLED CHANNEL
In quantum network, multicast is a more complex mode of information transmission. Quantum multicast can achieve simultaneous transmission of multiple participants of different information, which is different from quantum broadcast. In this section, we extend broadcast to the general form of multicast. The quantum channel is the same with mentioned above, but Alice transmits | 1 , | 2 , | 3 to the recipients Bob, Charlie and David synchronously.
where i = 1, 2, 3,|α i | 2 +|β i | 2 = 1, α i , β i are the real numbers. In order to achieve the multicast scheme, the following steps need to be completed. The implementation of multicast is similar to broadcast, so we discuss the results of multicast.
Assuming that the above measurements have been completed, we can see that if Alice's result is φ 3 123 , the cooperative unitary transformation's results of Bob, Charlie and David are shown as
As can be seen from the above equation, if the measurement result of particle A is|1 A , the measurement fails; if it is |0 A , the measurement is successful and success probability is 2 7 /( 2 7 + 1), and the results of Bob, Charlie and David are shown in Table 6 .
Finally, Bob, Charlie and David can obtain the state | simultaneously by performing unitary operation on the particles that they receive. The unitary operation of Bob, Charlie and David is shown in the table 7, 8, 9. For instance, if Alice's result is φ 3 123 , Alice informs the recipients of her measurement result via classical channel. The recipients perform a cooperative unitary transformation on the particles according to the information they receipt. Charlie obtains the states −α 2 |1 + β 2 |0 , then he can reconstruct the state by performing unitary operation −iσ y . Bob obtains the state α 1 |0 + β 1 |1 , and David obtains the state α 3 |0 + β 3 |1 synchronously.
In order to better illustrate the trend of the complexity of multiple participants quantum information transmission with the increase in the number of recipients, we simulate the relationship between quantum channel and number of recipients and the relationship between the order of the cooperative unitary transformation U and number of recipients respectively as shown in Fig 3. The figure shows that as the number of participants increases, the number of particles in the channel increases proportionally, and the complexity of the matrix shows a trend of exponential growth. In the figure, the rate of change of the solid line is constant, but the rate of change of the dotted line is increasing all the time. When X = 3, the rate of change is significantly increased. It shows that as the number of participants increases, the particle number of the channel changes is not obvious, but the complexity of the matrix increases significantly. The picture shows that as participants continue to increase, the difficulty of scheme research will continue to increase. The increase of the complexity is related to the way of quantum channel composition and the way of information trasmission. In the near future, we will consider reducing the complexity by improving the way of quantum channels composition.
V. CONCLUSION
In this paper, we propose the feasible schemes in practice based on the broadcast and multicast mechanism. Taking into account the inevitable influence from environment, we introduce a cooperative unitary transformation U to describe and estimate the effects of decoherence to multi-particle entanglement and verify the feasibility of the quantum broadcast and multicast in the actual channel. In addition, we simulate the proportional relationship among the number of entangled particles, the order of the matrix and the number of recipients. Our schemes are theoretically feasible and advanced. In next phase of the study, we will try to realize our schemes in experiments based on the existing preparation techniques of entanglement.
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